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摘   要 
 
SiGe 和 Ge 材料拥有比硅材料更高的载流子迁移率且与硅工艺相兼容等优
点，是制备高速器件的理想材料。Ni(Si1-xGex)和 NiGe 合金具有低的薄膜电阻率
和低的形成温度等优点，是实现 SiGe 或 Ge MOSFET 器件源漏区的重要接触电
极材料。本文围绕 Ni(Si1-xGex)和 NiGe 薄膜的热稳定性以及 Ni(Si1-xGex)/SiGe 和
NiGe/Ge 的接触电学特性，较系统地研究了 Ni(Si1-xGex)形成过程中 Ge 的偏析、
相变和表面形貌等特性，分析了 Ge 组份及其偏析对 Ni(Si1-xGex)/SiGe 接触电学




程中，Ge 会在 Ni(Si1-xGex)晶粒间界处偏析，Ge 的偏析会引起 SiGe 合金中 Ge
组份及应力的变化。对于 Ge 组份为 0.3 的 Ni/SiGe 样品，在较低温度形成的
Ni(Si1-xGex)薄膜会在 SiGe 中引入张应变；而在较高温度下，Ni(Si1-xGex)薄膜会
发生团聚，Ge 在晶粒间界处的偏析会形成高 Ge 组份的 SiGe 合金，并且该 SiGe
合金受到压应变。 
2、在完全应变的 SiGe 外延层上制备的 Ni(Si1-xGex)/Si1-xGex 接触的势垒高度
比退火前的 Ni/Si1-xGex 接触势垒高度大，该变化趋势与 NiSi/n-Si 样品相反。发
现 Ni(Si1-xGex)/SiGe 接触势垒高度主要由 Ge 在界面处的偏析以及由应变弛豫在
界面处产生的位错或缺陷而引起的费米钉扎能级移动所决定的，与金属功函数的
变化关系不大。 
3、提出在 Si 基张应变 Ge 外延层上制备 NiGe 薄膜从而提高其热稳定性的
方法和机理。随着退火温度的升高，Ge 薄膜的张应变的增加引起晶格增大，使
得 NiGe 与 Ge 之间晶格失配变小，界面能减小，从而使 NiGe 薄膜的团聚温度提
高。NiGe 薄膜的热稳定性提高了 150℃，达到 700℃，是目前文献中报道的 好
结果。此外，采用掺杂 Cr 的方法也可以使 NiGe 薄膜的热稳定性提高 50-100℃。 
4、研究了注入 P 对 NiGe/n-Ge 接触电学特性的影响。NiGe 形成后，P 在界














性由整流特性转变为欧姆特性。在 P 注入剂量为 5×1015cm-2 时，得到较低的
NiGe/n+-Ge 接触的比接触电阻率，约为 2.5×10-6Ω·cm2。 
5、提出离子注入过程引入的损伤缺陷是 Se 和 Si 掺杂调制 NiGe/n-Ge 接触有
效势垒高度的主要影响因素，而不是目前普遍报道的在界面处偏析的 Se 杂质起
到类施主的作用或 Se 对界面悬挂键的钝化作用。当注入损伤恢复后，Se、Si 掺
杂的 NiGe/n-Ge 接触电学特性与未掺杂样品基本一致。 
6、采用 SiO2 薄膜作为 NiGe/n-Ge 的中间层，固相反应后形成 NiGe/SiO2/n-Ge




















SiGe and Ge are promising channel materials for future semiconductor devices 
because of their higher carrier mobility and compatibility with main-stream Si 
technologies. Ni(SiGe) and NiGe are the promising materials for the drain and 
source contacts in SiGe and Ge MOSFETs due to their low sheet resistance and low 
formation temperature. In this dissertation, Ge segregation, phase transition and 
surface morphology evolution during Ni(SiGe) and NiGe film formation as well as 
the electrical properties of the Ni(SiGe)/Ge and NiGe/Ge contacts were examined to 
improve the thermal stability and contact property of Ni(SiGe) and NiGe films. Main 
work of the dissertation is summarized as follows: 
     1. Thermal stability of the Ni(SiGe) film is studied. We found that Ge can 
prevent the phase transition from Ni(SiGe) to NiSi2, however, the film 
agglomeration temperature is also decreased. For the Ni(SiGe) film formed on 
Si0.7Ge0.3 virtual substrate, they introduce an obvious tensile strain in the underlying 
SiGe epitaxial layer. But once the film agglomerates at higher temperature, the 
segregation of Ge increase the Ge content in the surface SiGe areas which are under 
a compressive stress. The compressive stress was ascribed to the increased Ge 
contact and the thermal expansion of the agglomerated Ni(SiGe) grains. 
     2. The Schottky barrier height of Ni(SiGe)/Si1-xGex contact is found higher than 
that of Ni/Si1-xGex contact, which was conflicting with the direction of the metal’s 
work function movement. By careful study, the modulation of the Schottky barrier 
height was explained by the shift of the pinned Fermi-level. And the Fermi-level 
shift was caused by the Ge segregation and the dislocations at the Ni(SiGe)/Si1-xGex 
contact interfaces. 
     3. Preparation of NiGe film on tensile strained epi-Ge/Si substrate was 
proposed to improve the film thermal stability. The tensile strain in the epitaxial Ge 
film is supposed to reduce the lattice mismatch between NiGe film and the epitaxial 















morphological thermal stability. The agglomeration temperature the NiGe film was 
found increased 150℃ as compared to the film grown on bulk Ge. This was the best 
thermal stability record as was reported then. Besides, the Cr injection can mitigate 
the reaction between Ni and Ge and also enhance the thermal stability of the formed 
NiGe film by about 50-100℃. 
     4. Influence of NiGe/n-Ge contact characteristics induced by implanted 
phosphorous (P) impurity is studied. After the formation of NiGe, P segregates at the 
NiGe/Ge interface. The segregation of P narrowed the NiGe/n-Ge barrier height, so 
that the tunneling current was increased and the electrical contact property 
transformed from rectification to ohmic contact. As the P dose was increase to 
5×1015cm-2, the very low contact resistivity was measured to be 2.5×10-6 Ω·cm2. 
5. Modulation of the NiGe/n-Ge Schottky barrier height by Se or Si injection 
can be ascribed to the defects that generated during injection. Once the defects were 
annihilated by extra annealing, the modulation effect disappeared too. This founding 
eliminated the possibility of the Se doping effect and its passivation effect in Ge. 
6. NiGe/SiO2/n-Ge contact was successfully fabricated to obtain ohmic contact. 
The reduction of Schottky barrier height can be attributed to the alleviation of the 
Fermi-level pinning effect by reducing the metal induced gap states (MIGS) in Ge. 
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第一章 绪 论 
1.1 研究背景和意义 
 





 当今微电子器件中，几乎 90%都是以 Si 为基础的。Si 材料以其低成本、高
的机械强度、良好的导热性及延展性等优势成为微电子产业中 理想的半导体材





被提出。到 1960 年，Kahng 和 Attala 研究发现在 Si 上热氧化的 SiO2 薄膜是场效
应晶体管栅氧层的理想材料，并制备了世界上第一只场效应晶体管[1]。此后，硅
基 CMOS 集成电路依靠器件等比例缩小规则（scale-down）得到了快速发展[2]。
根据摩尔定律，CMOS 集成电路单位面积上集成的晶体管数量每隔约 18 个月就
增加一倍，芯片性能也提升一倍，同时成本与功耗都得到极大的降低。1971 年
Intel 公司推出的第一款 CPU（4004）的晶体管特征尺寸为 10μm，而 2012 年推




例缩小。表 1.1 所示为 MOSFET 器件等比例缩小的规则，按照这一规则，器件















和源漏结深 Xj 等）以及外加电压 Vdd 等均缩小 Γ 倍；同时衬底掺杂浓度 NA 和
ND 均增大 Γ 倍，Γ 为等比例缩小的乘积因子。随着器件尺寸的缩小，器件的电
路延迟时间、功耗及成本都会有很大程度的降低。 
 
表 1.1 MOSFET 器件与电路参数等比例缩小规则 






















的栅长缩短到 90 nm 时，要求 SiO2 栅介质厚度为 1.2 nm，该厚度已非常接近其
物理极限厚度。因此，若 SiO2 的厚度继续缩小，会导致栅极漏电呈指数增加。 
2、器件等比例缩小要求源漏区结深按乘积因子减小，同时要求源漏区的掺
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